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¥ HEe huel e Fo% Hik ¥ m#e S HEST scuba diving® 2&
kel M o 7EE) Ai-E%S Mol BLE HE Fistel AA KdiEghe] EEo g9
g RITHCAE BID 2 LEHES WY o2M scuba diving B kd 4R HR
of Bt BEE fiftsle o 2 HEYS 23 20 -245 Alole] 8o 2 &KMol e #
BE 492 HRo2 EEM R K& ImolA e dageoldd KKk KEY 30m K&E
AA oojgAe] 200kge] F71E M9 WA F, Zd KE KM HikdEAM 150k S
AL @ Fol MM3 KEeZ bR g2t HF e Ao KiRelM Krhig@hol Eoi7t
71 A7 28Rl FUS e AT F EHEERIA mae Rmdted AmBk, ARk,
Hemoglobin, Hematocrit® & &% oh&3 & £H S AU

1. #Ffrke 9m KEAME E# ol ¢l E@ B FENA @S AA2p
<0.05) 30m Xk&EelMe E®) Aicl Wl E&) EHikl HEY #Eme AR2ri(p <0.05),
9m KEeIM e EFAHNET 30m KiEA el E@#hlA KRmEke] #me F 2.29% =A Y
Ebte.

2. gMfike 9m KT L] EB) Aol vk EH Eixdl omike FES BmE 3dd
25 (p <0.05). 30m KEAM | EHANNE &8 giol viah E8) Bk AESA
FAH(p €0.05). 9m KFANM 9 FEEhl M HT} 30m KFEAM Y EBAM BmERe ®ine
0.76% wA dect

% A GRS 1998 8)] FMAAE BT AMEE THE RINE BITA 8L AU 3



3. Hemoglobin®, 9m kKRl AM 2l F#) Aicl vlal ZH) Eikol FES BME e
Y(p €0.05). 30m XkiRelMe EH fidl visl F8) HEikdle AEYS @®ne AU
€0.05). 9m KifAA 9 E@hANA Rt 30m KiRelA2]l Hemoglobin #®iME 0.73% %A
HERR o

4. Hematocrite, 9m KiRel X o] #F&h Aol vla) KhiEs) Eikol FES RinE 3
29 (p <0.05), 30m KENM = &E# dijol vlal KhiEHh Bl Hematocrite FEY
#/mE FAHp <0.05). Im KRSl EHIMEL 30m AFENN S i@l Hematocrit
o @ine 3.04% A Jeigch

5. KhiEsh rpe] M mael #be Kholld E#) B A2 RS RAIZEZN &
€ k9E 8A Hed o RAAM mumel B BRI ASE FB M) KkEe 2
oA 7o} 8 BMAA KpollMo Egh Hike hammsel #bol 718 & HES o
Ae Aoz Y=, £ Kholehe BREREC] HANS MEsl FEiHE 81 Yol i 1R
o8 feRdlA aisted mit &Aol Minsln mif BEE LAAIA maksre] #MLE shAed
I B

6. 9m KA E} 30m KiRelA e FE@IM WY @irFEel A vebd A KR
°f oA wet ERE BHET 2 EEIL otz kY gl o & R 4T
€ MR R N EHRS BINA AN 3P ko] B Felol mEk BEre hxe iy
mESE Y=g pEk FoM mmEk @l S viXe Aoz AYAEd.

7. KM EEHE dte AL REHFMHOZA B ohet LMEAES M EATI R M

Borel ARE (REAA F18E B EAYe EBHo2ME O ERE 2T & dotn 4l
L2A=
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Bafel €0 WAAA dAA.2X2 Anrst 4233 3 e v, a1 49 B
b 2X oM oy ZEdia Keholl o] g4 A2Xx A7 £31 YL HEAY
o3k Aol B3] Kb A 2¥x2AME $£9-skin diving-scuba diving 5&
E 4 Ao

scuba diving®] ¥ Uzt A= HEY, KM 7IEtY] HOZ REV S
A BEel ke 19708t F£9kRE sports scuba divinge] @43 ¥R EHol R
fidle 4 X8 Folel 2YE v E3t] avytel &k RIFA M7 FE < 40%
A Bmstn Qoo ojFA ®Bmete ANEY EHT X2 diving EHS
i R HE BEESY FEE E:oF 72 A} Self-Contained Under-Water
Breathing Apparatus®] B2l scubat FF27F 404 AFH 71X gydA
3EFY 5 v (kP ENFERER)S D30, scuba diving®] @ scuba FH| &
7HA 2 BAsE A& Zrh scuba divinge KoM o] Fojx = EHolmE X
R RESE Ay e wEY, £8N B HA =7 dEd KR Rt 3
3 Qo] Krho] Sojrtd HHAMO R g o ¥ge HolA "ok & KK
08 KeholA FEBHS A 2 o A ANl B 4AEK WIS doAM T
29 W, BKE T Gas u ¥, BRFHKY 40 I8 T FEH BRIT N
o e F1 EH AT KR AR waly vX & g gt Kk
mEp ol Mol EE B, HUE 2 RMel webd Ml 885, SRR, (O
WEHNH R ERES B T AR AN KES doydy B3 rde %
T —#e s Hfgdl EHo] AMET AUX Fho] FolAd FHhol osto
A FE A8 MY oy @R FEv aLstas 23 oA
Ban S iisyl A 2E Al vlsel mEEY F AUX Ao N
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A BiartE el A BES 29 sE MK REN B e mmBMSED
HikE RS &5 78 Fo LRE dHEed & EHE 7IR &% 7199
e m#&el LB B T ME A ®H5 Bl Wi Hee on 1900d
g Z7]e Al&bo] HAow, REXMOEZ Hawk(1904)= 5 ¥ ## MHHY KM
B, Bk Emkd g HRE N2 #ESHAUN Schneider(1915)= &5
A¥F KMk R Hemoglobin®] #imell tigt HAN 5 F Kmike #te &
T ARG 20%A = ®Wm3a Amike 40%0l4 #wmdick ok ks 5(1982)
< #Ee mwERel B3 Bl A Hematocrit® Hemoglobingl ##{tol gt
BES HENA UM Edoldo] A AA nX& g T A7 T
h 58 23X x FEHS YA FE 4kl Hemoglobin®} Hematocritfiol of &
®WEE Aok -8 U] 39 AADAI)L RAT €% 2E9 R mg
TEAHEY #HE /N RESYD FFF1979L &F F VY AR #¢ B
oA wjFAEAF} FFAFE] Y HE sl B¢ AF AHE Budg.
olf & A7 Eo] MEHUAR o]l B LAA YA EHETK BT HE
olu}, Keh4F #F HRET ®2H AW WEo) A7) Ao 2 EEH dL
FAPANE FAZL o} A7A & Krholl Ao EBhaijtkol dolue MmEHH S it
oA #§ W 883 o)FAAA 1 Yooz K WY LEMS Bzt
Lid=8

2. Hi%e] By

A HRE mEe) e T B € mEe S EMsl scuba diving
B 22 kel A o] iEB) B - o] mEke WEE HE SHstd AA KhigE)o)
EBozMe HigE BITSHEAE MR I REHES MUETFSLEMN scuba
diving® Krh AFE Bl XEE EHE #ftsted 2 Hiwel U



3. #F3Ee F&

e HEOE e A e e REE Redo

1) FRmEkZE SR A KEA 9m KoM GB widt EHke B 2
recreational diving & A A#< 30m Kbl Mol i&H #id EHikole ojd &L}
Hetuo] 5 KR e ERE 494 Jdegvesle

2) MMmik7h WEE BR K& 9m KhelA i5E) fidt @k s 2
recreational diving A A& 30m Krhol Ao} &8 it EHkdE old 84k}
ety £ KR Mo AR %A Jdelvdere

3) Hemoglobin®| MR A A& Im ArholA 5% ATz Hke Bt 2
recreational diving & A K& 30m Kol Mo {1E Mzt H#gddE o9 #r Y
gBuo £ kR Mo EZRE AFA Yehdes?

4) Hematocrit®] MMEE MR K& 9m KrholAM &8 wizl Bk Btk ¥
recreational diving & A K#< 30m Kehol Ao E#) giz Hkels oW #{Lrt
e 5 K& Mo ERE A%A YehdEs?

4. WS B

1) kRl 55id, K& 2 Omet 30molM el EH) ke &8 Aol vl #
o2 fTES #BELE BY Aold, F K& MM HmRAME R UG
ol

2) FumEkel 58, K% 2t 9met 30mell A o] 5By kol iEF ol vl& &ty
o2 {iEY BMLE Y Zloln MinFKANE T A% [l ER7 e Aol

3) Hemoglobin®] %, K% 7z} 9me} 30molA Q) iGE) (itkols &% #ioll ]
A it oR fiET BEE Y Foln WMmKAME F A% Mo ER7
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& Aot

4) Hematocrit9 &8, K& 2z} Imet 30mol A o iLH) ik 1HE) wiol v]3)
Hatioz £ES #EE Bd Aoly MmmKaAME F K o ZER7F UL
R o},

5. A& ZE&

o MMEE [RF . moKmidlMe] KBRS 15X, KFEAME 10mottt 158
4 EAZ st Ime 1R H7) diol7] W&ol A HFE&E Emz A
R & HEstA ¥ AFEA B HY divings & F de BE KRl

o ARl A diving(recreational diving) mA K& : £2¥Xx tholdeo
S #iel A= obal S A9 A divingg Mok ot 22y 30m o}l
A KREBEBER DT JEHA MK Bl RITHER 9 Ee 39S, Aokt
BAAAY 27 HEAAN L4 SAY + A G HEZ Q¢ AL
A Kkel el 4 271 B &) A2 30mE recreational diving A KiES
Z A3 31 AU

6. HFscel HUIRRES

A Hteel #IRES oS3 2o

1) ool #EME R Hiffiol M@ kAEo] #EaKE Eicste dl9 oeigoz
A3t BEEKE 4B o2 PEdoh



2) BEIKAES EME BR K& 9me} recreational diving A KZEQ 30mZ
IR 3o}

3) #iM WA Aol M) Mol m HEY AR AL Aoz 4F
dth.



I. ¥ HR

1. Mm#&e &

Ifi# (blood)2 LI} M SUE L #Kifoln A7 WS KR Hd
Moz miTa ABMAEE Alolde o8 7Hx HEE] o)FoiA 34 &
f2o] MAFES — &t #rFdd IKES AF kD 70 - 100mo) §aFE o
oF 8%°lx, 1 MRS 1PEA] 2% F¥ol 78%E 4LHHTC AL mi
(plasma)Zt 3 He AYPER KMKERBC), “MmEKWBC), 2 mR
(platelet)el bl dlv FPEAFE L2 Urojdd mif doe HEB (YR, 228
¥ %), F719F(Na, K, Ca, C, Mg ¥) 281 #itEE (fibrinogen) 5 &8 MWH|
A9 —EstA #rsEln gl

Tablel. m&2| #knt K5

7r MR O, - CO, &k, pHHAE

RS RUpEE R
AP BB Be, RApRE,
(SF 45%) hite A

miR 1 7 5% [&] (S e B k)
WHERS By, MREHE, iR

& 7 am
2 ERAE, pHHAE, CO, E#(Na
n 8 Sl + K- )
(S} 55%) " BEYWEH 2 UHEY, L33FAR
ek HEME BE 2532, 343%)

MEER m# e} 8




2. ¥ HAe

1) 7k~ K #

ARIMER Nl 8&5 o A& Hemoglobinol Zt #Mi&#ilY WRol LR BE
g A BaES & fle) Hicdoh §8 AgdmdN MgTrRe KRS
A7 carbone dioxides™ hemoglobinol #& =0l U= oxygend ¥ Ao it

W0l fHE S8t fEs R prEd

2) BRoe Ey

= O =

Bl A BIEE carbohydrate, protein, lipids, vitamin, electrolytes5& 2 &
F Fol BN —HHS FIF M HEEIT £ IR RS lymphatic
tissueol Al EEAIET. 2elv Zb Higol AA Y BEHWELS 23 mEkd dHA &
et

3) BEW Ei

HALS 2H548S Ty NERES YA #Fslan s 7)5e A
7] W& 2} tissuesl Al metabolic waste productsQ] urea uric acid, creatinine,

lactic acid% < plasma®l] 2|3} E# o] kidney®E = liverSol A A2 Hitrg ok

4) EWE 2 ARG

Plasmat tissue fluid®t M2 K% &#-& ¥} Plasma Well U+ proteino] v}
salts= MA& o] BERS 719 A AT 2N water balanced #EYIsHA
#4rtck. Albumine ©] balance® # #fFdt=d 2 Qg w3 Yot w3
plasma®l PHE 74% 222 2 §AAA R4 £& sFREHG So2 mikol f
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o2 71&€o3 ZeEE acidosisttz stn dze] 2oz 7] &0l & alkalosis
= 48 o

L

23 t=d Mm-S ol unbalance® blood PHE & AHEisly

5) & #8iES MFF

ABE B4 37CE AT o AE mE MY Apol vdo] k1 UEE 2
FozM tissue Wol 47 ML BMHD BH KT EE [ SolHe £E A
2 ERSAA BESA 2dse F

A

e B2 R AL EE YYo] HA
6) Hormone9] ;& #k

Endocrine systemolA 32 &2 M ol So71 7] HEY Hg =314

s dg @k

7) BB

F1ifii3k F ol phagocytic 715 S 7H2 7t oA 2 BEEHA o8 g3 =
£ Z3F Jo AfdlM E°]2%E bacteriag phagocytedts 422 phEsic)

L

Plasma% T -globulinel G4 5o 1= antibody® 9 A] toxin, bacteria, virus ol

A kfEE BB

8) Itk %
A ol fi B EHEE olo) Bifel 47 o mEE BEAA Mg e,



3. MBI

1) #mE(Red Blood Cell)

ARIMERS JCHlE %EEGE B ME(multipotential stem cel)l X S8k HHES
AA r{e® BFU-Ezte K7t €t o] BFU-EX #Kimik7t 5712 E&=lof
A mAe Mo, o2 FFe MKEE ¥ £ & Migoltt. o) BFU-E: ¥
Rel 3418 REE # CFU-E@ KFdist gk o i 94 2 ¥ 5518 K
E¥ #% HolF(rubriblast)7t BTk QA7174R FiEW ol HlZ2 LEEgMBo
Worel Hle RmiReRe KM S Aok

lemoglobin ¥4 *f

L)
BFU-E — CFU-E — #%Hol? — 5974 — g4 — 344 — 34 — 487
Yol Ho}R  Holy AW

Fig.1. 7RIL¥k 2 41t

E% ARMEKS diametert 65-80mAEolx, LS 31 QEF To) ¥H
of glo] vhal =3 2ok FAls AM 20mAB o, 2EMoz et} ol
T AR KFEWel AR sbx o] o}F WA Mot T sAHY
7o RERE EME ATk Cell Table®S FZ protein®} phospholipid2 ¥
membrane2 2 Yo 91, ©] membraned ghost forme2 34 Hrc} cell
component KZro] ¢k 2/3, hemoglobin®] ¢ 1/3& A&z 1 9% protein,
lipid, glucose, electrolyte, vitamin =+ enzyme Folth. #AKMikE 71420z
5 & W 933 M2 Hemoglobindl 9ldtd 0, & #igko) FEkdt #
MERE 1 @Ot A2 ks Wmals HiBet M8 wmsts sgiEst o
HWAE SHTEHE € o dojum, MRy 1 9o mEk ATl A Lol

-9 -



¥t M F KMol BE MK v F WA FT HiE F15 5403H450~
600), & T Hi& 4% 4507H400~5009h) 019 KMk Bine ZE F& £183
A HErdE vl @8 Hne BN O, 2N Holx HEe EmigaEe] s
feoll ol @ HmE TolAd & Ao AmikE B 1 g KEo] opym
wWE 9a ok 2y Rimik7 RESAY £ES o) FH B4 yehdg,

2) HIEk(White Blood Cell)

Amike HiiEel fFHdl oste ME Sl 4iS pirste faRel EEHe
(homeostasis) & #kste 4 BE3IA At

FImkEAM e B MEN S RN SR, 58T &8 L 3F Aleol
VYPsn, REe] FHES #Ed SdzAolth Em 2ol HEM A
A ATP7} 4 e] Hed ol e fmike] ARKMEANN EESIT AR it
i1 o BAdAE golAn MK #Ahe HARRS Yol fimike 7%
< REEHOIT FiMiRE A RAT MES AE ol Hojgo] MM m%
2 MM @] Hikol B Slde MMKE RIS B HEESA 2
ok Ak BZE M3 WESINE Jishe e uhel WEho] Asich X
PERAEN A o] 29 iRk BE Mm#E lmrol] 5000~7,0007H1dl, #8440 o
23 2HAE 2 8000/ LLEoz @mEch oj8dA AmEke FEge
8000/mrolth. & A7 mism EHS AU, MiE, HAe AY 2 KE SOl
B Y nKe ML e BEsSHA ®mmdh

3) Hemoglobin

M#&e stoz #2S d BHRMS AN, HFRMS ¢HAL drt o)A L
BIRM F o= oxyhemoglobin, ##IEfil S reduced hemoglobin®] A& 73& x}A| 37
ol 2 A Bk KA Hbe 97%& HbA7ZF AtA18t® o2 &= HbA, 9 HbF
°olth HbF& A iMm“HEE e, BR 349 Lligd AR E Hbe A#HS 2}

_10._



Aeta 4D dEo 343 HbAZ @t 9} Hemoglobind MRS E#st s #ic
o] o}F F 23ty 2] 7tx] HEFA MR st AME, KMkl BEY HKAHK
24644509 T B 21 dom 4709 hem# globuline] 4% HEEolY hem
2 27}9] A% protophophyrin®] #4& 1b{3#ol L globuling ©4 9] amino acid?}
i€ ¥ polypeptide chain® 2 B Y HeaiEolth A4 A2 A9 Hemoglobin ¥&
Mm#& 100me 4ol 15mgg 7K 2029 1ng9 Hemoglobing 1.34me e} kS &4
4 A

——  Fe(47})
Hemoglobin ~[ Hem(4% A1) —1—  protophophyrine(47})
Globulin(1¥##) —  Polypeptide chain(47])

Hbe EFES a8l 43 =8 S#AE A8 55 HES 72 U
A kel M= B %Sk Hemoglobin#e] #51yo] ol Foixn, il Ne A MFK
2 Hemoglobindll X ##E Al7|22 MFERS AE3A & & Qo

4) Hematocrit

M-S HiMmste] AP ¥ BEHILRE HGmsted HO EEAF)E, Mk
Bore REA Hed, R MEmSe mE b Ele HHRG%L
Hematocrit(Ht)et 2 &t} &, M did Himkke] A8 Jdebdod mRxy %
Aoy FRiikzb xkA 82 Q7] & Hematocritfi e R ifi(anemia)E ZKist
© ol 4% KAke) . kT BT 7F 4H6% (43~52%), T+ 40% (35~
48%)0°] ¥,

_11_



4. EE)Ey m#k 2L

m#Eel £ WANEFS MmEke pHE 334 dA3A st Haifelin 22
=& et AREEAES A S FESE A7 0, B 2o 2wl fREMAL
€ §% Yolth. BFERK ##S 3t Hemoglobin® #Himik B P24
o) MERERES HiEdte T2 2otk —[EmWd EFhol P mEHH S
e EBRAUT EHHe Y 2 BRI wel —Ed HES BoXE ger
—EQ BAK EBRITHR £ KBS Efe Fllold BEEN, 191 EH
M R R ¢ BE oz d2A Jeldo BmkiEs M FEE s,
R & 7 B oWl KM #E MAEES JeEl 7] AlREto 305 - 2850 o
Woll EH) giel fliol ottt & RKsH ALAA EHY g mifol 53 HKim
kol gL AstAl At Agn o KimEK Folt FAAAAALE oY HIF
(R A K, reticulocyte)?t 0.1%AE aHo] e, o)A o] sprint, ski, ZA &
AT, AT 22 A EF Kol 2fF oldog Hmddn Tazn Yot o)A
< FMmMRE TER e FmBE7H FEE FMKE A2 B=E O @fEEE
dd9 4#EKFE = Hartmanno)l Z & itk RS HES Eukste RHolt A
Al Mol 99 3 BT 44 Kk e 500N/ £, EH Kol
520~620T7R/mr 2 10% ol HW|mdle HEBE Arh ol KmE HY WMz
18 Hemoglobin #/& <Al 5~10%7} ®mch FH e Fimik #t W3l
T Hiie F 7HA7E Ao AA, BES Rimike] EiiEFoIH, A FEo E
Bholl oA Wi Lotk HA EH Molls BANAAL FEA & BAS
ol A oFHIZ-ES HFiEol HmsA i, o] T AL KMk KL B
A ek el frEsol e mEkES oF 350mEAM MR K-S v ol
AAA WR el vSA Rk BoF 40%U BTk EA, BifEg chols MR
Fiol Mmech o1FA ‘gt e EHS K BHM e mife £8 I
b EMmAY HE A ¥ 9ugS AN ko= Bo) BiTIIZE K5
BAE fikety, RO EHY o Yot T HaE A3 kS MY dF
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o Zm#EEel Fo150 KMk L7t LA7te g Kmike] Bt W|mstA =
= Aolth. HTE MRAAM R & o HHAY £ dE mKES 110 - 258
ccha dtv, WEES] M-S BEFo mEETE #e vt At 40%Y Ak &
{ifo] Bvh 2222 Mol 9 258cce] MmMKS B MmEk ol 383ccdll i)
258 X 49% = 125.4cc
258 + 125 = 383cc

Table 2. Zt 55 EH #%° oMk ¥ KMk BMASEL 390, 1982)

7 HmE(%)

i X3 ) 7% i Bk M ER
2k &

18 T
0 AFy 16.8 57.0
28 sprintA 8 = 16.6 55.8
6 24 2} 12.0 525
5 B3y 12.8 64.6
11 94 210 59.2
12 sprint@ A ] (50 ~ 6600k =) 20.3 59.9
14 ZAZ(1/2~2 1/291Y) 14.7 55.0
2 A xHEA ) (1/271Y) 16.4 46.4
4 A RHF AR N2~4vHD) 97 555
1 Ba(d) 16.8 64.8
4 233 11.9 64.6
9 () 225 46.1
2 F9(3) 139 73.4

SETH Sl A imiR By s, TE S Fmrdl wheh 2z 4#to) Aok
RksR1e] A BT thole —iMtkes Y7ot wmstn, SR EE #o=
Fyet SATE e, 233 ek oA step testoll 93 HAM F
Toluk 400me] £HHLE 178 witkols rifikk 7 BAXS) Wmska, 25 - 30
7 AUA PlEEY aF M el o viMikke] Min: AimEke) 55t
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2ol AR myiel Mmz A i, HE, H R W AT K HHEYE am
Kb wA e i Ao Rk m Aok 2y o) E MMk e —8
M1 Mme {iggiEd S8 £ FES 232 AA Fod, BI] £ AT
oA FEKMESZ Solztu).

5. 7kHroll A 2] EEh

27t kil 2oz HAKE MW FR(hyperbarism)o 2 Q@ BME Mk
fEel 8 MA2 AR #fEo) £EstA HH HANZ ARo] krho] WE £
A= HA RIS B3 28 Fzojth £9 zlolot ¢t B9 whlo] HmE
<d o™ FFY 7Gx BEhol 2vl2 wmstd I AFTS Yol HI EHo
%ol HE I AR 247 €0} Table 2.8 2 29 Yolol & EHY fHE
B, fEMNEKS B 59 FAZ 2 Jebd Aok ZF, 1985).

Table 3. Relationship of depth in water to pressure and volume

Depth Pressure Hypothetical __ Inspired Air
(ft) (m)  (Autosphere) (mmHg) LungVolume(mt) Po, Pn,
Sea level 1 760 6,000 159 600
33 10 2 1,520 3,000 318 1.201
66 20 3 2,280 2,000 477 1,802
100 30 4 3,040 1,500 636 2,402
133 40 5 3,800 1,200 795 3,003
166 50 6 4,560 1,000 954 3,604
200 60 7 5,320 857 1,113 4,204
300 90 10 7,600 600 1,590 6,007
400 120 13 9,880 461 2,068 7,808
500 150 16 12,160 375 2545 9610
600 180 19 14,440 316 3,022 11412

durHog fiKmidlA RS 760mmHgZAM ol & I14REole} dn kK
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10m# zol2 WAKe ol wet 1714 wmatA go2M AT BEZ BHS
A BA Ao 53 ft ghEo viXs BEE A dsto EHel FmEH i ¥
© hez BAdEdn 2o #wAkEAA 33ft(F 10m)E Wl AHeAM 29 ¢
He IRFERE047psDH 27] A&, Aol A 33ft olefoll M HAstn e A
FoAA A= B BEHES KEE 147psigt B9 BEH 14.7psi€ 43k 29.4psiv}
go. & Kl 33ft ot M A BT} 2559 BEHo] shsA 1, 66ft o}l
Me 3ulel Bhol Zlsizich. 402 Yol EABFE EHo EmEA sHoz
K REE S tdoldoA nAEe 29 KOS B#RE = s £5¢ BHY =%
FE HEY F glojor dth dE S, 66t AoldME B9 EHo) 3EK]
o2 ZFEHRE 2,280mmHg(3X760mmHg)7t Hojok doh A7 divingd BRAE
3ft(10.67mAZA FEfEct o] A= oldrae FiA 3EEELLES Kol
s E Relth EH BWme HR T BELE F1 BEE Bo] Yo
el BfEEol Fold de ERE KEHol Bmid o o Fe RS A
A dd. adA ER FES 28NN 2557 Sl1 3EEAAE 3457 53 A
& 0d Aoz Mmatt F o Yo WEATSFE air space W TES HH}
oty & + Qo —mmo FFI)TF o] BEHoN I £ AE B
& 30~60sec fE7F 51, o] BiRijo]l AU@ PCO, 7t ®inHo] Mg F®E o
A 9. di/f 2x2 diving® I HARS 30~60sec Bi#st7] olal g ul o=
vt &l WA —HHD gt Rolvh WA EH Ko K xS
st K% R krholMel Zip Kyl B By A8 &M Bt SRRl FIN
H7% 81, kb EdE W H2EZ} FHET Qo

Noble(1986)& B7/Hv S WAKKRol HRAR E# MR, K 71D organ)d fE
it 58 JEtd L if#Efele sdelts Mkl WA HE EMEERES K
8ol Z4k(lactic acid)®] &&fol Bolxlom o} whd ARL E2/Hs LA ©
fRe YERAY o 4iMmEmQ EBHKES BHom RAT 34 A¥ET M
Atk WES st

Thalmann S(1979)°] AT EBHRKES AL BIgEol M, #HEBEE GRS
A 50, 100, 150 2 2009tE 9] o2mu HALWr] EHS FhAc GRS 14
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5~6.76(15-190ft)¢] Zojel #MF=H= HK EE FBEK EHolAL, O, HERS
ol7t mgtel oA FAK EE JHK Thde] HFMmez MmAAL I¥5F 2
HEFE F OEE O, WiftR LHiste ®MmEA D 16 WFRE(VT)S HA e
Mt mmERAT BAT i REES BAY Ritfste BA Atk #E A
olgt ol PEMEHIS Mt O, MTES WmANTE ®EGE g
Dressendorfer 5(1977)2 ¥-5%#5e] o] 312 WmMPL2ZH O, HERY EH
dni el BtRollE ol vy BYEr &g @GR AAS AUtk oA KEHe i
5 GRS BRXT E@ol e 4Hn KED #ECEZA O, HEEel MmA
A=2(1986)2 KR 1mol X o HEE7E KE 3mol Mo FHERT =¢3 FH
scuba FEEPAl HER #Hel mE MO XRE 1% KEAM Hitmes HES #
RE 2Adn #WEsd.

6. Jir Wxe Hi

S EBHE AMHE mEBR, NHERAE 5o mBERSA B oy,
o] #kel Wik fAfre] WMEY KIS Lol uwty Eddn w1 Yot

Amikel i, Hawk(1904) € 41T ARimikel e %ol sl 12%
Hmate krk WER Role 225% #mI A $4E89 29 Schneider. et. al. &
ER Rk Mo BLolM T MefEol whet 3.2~228% Alolol A FifEk7t g
gx sden TEH Atk MMk Hemoglobin #1{k, oA XAA o2nugg
skl fif FEaERI4,000~10,0000 Fimiket Hemoglobin Mol #AZvkn #H
sttt Dill(1930)2 Fifkk o] %ol st Edolde RES Aedcn &
%3928, Herxheiner(1933)% training & @M3tel NHHRE A& BHRF L
AMEKZE EFHERCD 2931 &

£ AFEFATDE ER Ao el 185%9] KiMik #o WmE @wEsae
B, 44 T098DE 300m 227 itk HHo wel AKimiRe B wHksd It
3 54~71% ®instAtn BFLS AT FSTFU98)E 1.7~35%9) BmME sqot

_16_



Fat HEST B ¢ ddga A

Fifiske] A tiF2 el AREctan vl S5 osiA kel #UF #m
ot gk Schultz(1833)7h EdpgiTol e MRS e #Mts HEso] P fuf
el tpnell FFo] Atk Bugh ol FEE # ik el M FRe ARs=E
53 ool ik #ol 23 9L vy olg m¥E w5 WA m
T2 O MmiFREe] MiSc) WA U4 Bitk(Hamilton1954)0l 2t 4% &
2.5} Shen3} Hoshinod(1961)& ET) i H®inste Hoez2 HeE 2HBZols 3=
BE ke g BmE hA et s By Ad1984)L EH K B PR
ol it FH MmIX olF S kA AMMFELEZ YO X2 mabgo2 A fiiMik
el FEE v Aoz WEsn Jou Famis(19R)E vleke M4y 274
T7F 3718 B9 EHkels A3 27000707HA #mshe el7b kT @WaSEA Fumik
of WmE EFHMEE Frshe B2 2 5 Aoy 39k Knehr(1942)= 67193 Ed
oldE W Foll= rufikk B} 5190701 M 6150702 HEhngckn B ok

Hemoglobin ¥ Hematocrit®] EHER % £m BKS L3 2 FER &
Rtk $toh(Kaltreider, N. L. and G. Meneely,1940).

AA, Eghol A BT Rikol mifF KH MALS R HNmom
Hemoglobin, Hematocrit7} & mg Ao 2 Az}

A, Wi, T2E RHS e Q¥ mi £ 3L L ¥HF o)
3 Kol 7% o

A, BT AfeEE fike) RS BS, a0 dAseE RNy Bhoez
A3 Hig faEtkol o mE M B BKS 5 & ARG

ot &L o7 KRS stust fEMEE Aol ohle HEBES F1 F1
BEo2A Hie] HEkE oFAL BKOE wolEdol & ol Batter, et.
al.(1956)& L&) Ky MAAERES Mo KM S4d d2e 24839 39
4 Bng dste mEss HKS AP n 819.om, Peschle, et. al.(1978)3}
Erslev(1966)= Mtk @2 Ipdle B THEES f/loz Ungde} i 322 AS
of 92 viA mAF N AE ®mE 92 453 $di 3% Hemoglobin
o JEE) 847 & WnBURe o7k KRS #nmel fd o8 o)Fol=th Astrand,

_17_



P. O.¢} Radahl, K.(1970)= ®9 %2 Hemoglobin® &3} 5 A EEE BE &
Nide & AT BAE 71Kz gz ¥ on, Mathew, P. K.$ Fox, E.
L(1971)& BF Hemoglobin® #HE& ¥ 100m3 15mgeldl £E< 39 5 -
10638 Hmdcts Aed AL mw N R GFe 2nE gopn A
Buda s stgdvh. W. B. Beaumont(1973)% & A FEE) £ (75 9.6%9 Hb Wme
B 20], Barbour, et. al.(1924) %8 LRl 2% BT BRKOZ Mmme o
a3k Saltin(1964) & KEHE Htfi7t 85% #m ¥U: Vogt and
Johnson(1967)= HtfE7F 75% M stdcha @&stAot. $ A, SK(1959)0e A%
EBRC] dolue AmiRet mEF BME7 KTEoEN Jehdes RmKkEs &
MY Amd dzog od Rime EHH RiM(sports-anemia)oldtn o] &L
€% Hematocrit(Ht)2 [F#EFol = MRSt mif RIS £tE A —@d {@
€ YEHdTE hg1972)e) o3 d, [EBjo)] Astd AUSF S EH @&k HE:
A gbevn Zagdon, thl(1966)S KkET S Htiis 469%, bt LEFE
384%tn #EsAt Costill, D. L, et. al.(1974)& £FoluU AI$UE S35 ga®
€ HEAZIE 2 hfEte] Yol @gBike] dojdum AN EHH =
ol TAY MAPMHMe) ANk Qom o2 @A EHBiT A2
of wBolvt MBMmiTel Hifislol AW MMM MFOR Ue o, &5
T Fol FHbE HEiro]l HlKho BERE Eolol ¥ Fo AHo] Moz B
1922 HEE MK @AERKIZ 9 Mnatzakanfan and Vaccaor(1982)E A
faol k= A% Hematocrite] $Mb7h 458102 Velgcha #iéksigo),

o
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M. w7k

1. EHR

A BRAA REY BEBEE B P Y TAS BFedrxx
ol 7B Q) scuba diving £&KFo] 300151 LL E<Q, 20 - 245% Alole] —a PE4
L2A —gmA Kol HHE Rike) e K2 ®Edd

wE KO HHEM BHE 9 g

Table 4. #A&E2| 5y i

XD F# (%) & #i(kg) Hflem)  BKLE(R)
CSp 22 82 173 330
KDY 21 66 168 360
LCJ 22 58 170 320
LIY 23 58 165 330
M 22 66 169 335
SD +0.81 +6.80 +3.36 +17.3

2. REBOUIM 2 BAr

1) JEERIIRD © 1998. 4.1 ~ 5. 15
2) T : AAEA FifE A doit 2 EMA 82T b

3. MEHH

1) #iiEK(Red Blood Cell)
2) 11ifiliR(White Blood Cell)

_19_



3) Hemoglobin

4) Hematocrit

4. FkHiEE) HEA FEHEE K

Table 5. scuba divingdll {FRAEE %%

ki 55 B 2s BT mE
Buoyancy Device Daco Enduro SJ
Regulator Daco Enduro [k R il
Guage console Coda Apollo K Ao IR
(depth,direction,air, Fm KB E
hard @ temperature) TR B R E
sKinhH] Air tank(200kg) Coda K-type gk 2R
Hard type Pin Coda Apollo &G 8 E K h HEstE
Mask & Snorkel Coda Apollo MERER 2
Octups Daco Enduro 7K 1] BF- &
Wet Suit SAS 5mm REMFIRE
5. KB X

1) 9m KA kepifdh

e WA BRE 49S 2 8o #&8 A 247 B HAF AEjA Atk
Be A ¥ 8% A9 mEKS #Zmada, 3428 £9% vtz &4 diving
o Hag #fiigt $718 dAHsL FEE HHY F A HBY BHS W
b @ KRS #iFd £ A oo BA9 AoXNE T By FYs AEYZ
SR EE A A FmE ANZAeY diving E ZA7E 2o divinge A A

_20_



WA KBS A E AR oH, divingol BT AT #E B
e § vz Fnshao,

2) 30m 7AkiRANA S KhifE)

"B WH WRE 49S 24 8Ad #£astad 241 S B FeiodlA
L A ¥ €% Ao mKS Kmsdn, 428 AAX 442 &A diving
o 8% %M 378 By FEE HMNSE F A HR HHES RWslz
bed & KRS #HFEH £ A3 oo B39 AoAE F B F¥I AHAR
SHeEE 43 H FmE MLy diving AE ZA7E ol diving2 AASHH
A KEE HRIIEANE A= E Yo divingol EUxn getezivia FE
£ 443 W7] Ao % B =i ¥ vz Kmsko.

6. MR RES AT WM Hik

1) BB A oby 203 T Lipe AT F mEe] &E e sty F§
FA b paEE Sce A —[BH FA71E AMEES EREFIRA A 3ccd KA
23

2) oloj® Aol 200kge] ERE M-I 9m KEANA 150kgE AL E d7bA] K
AN ek # MM ko2 b Hik MES BEE PLE A3ty dgn
A7t A2E Scc A —EBIH FAZIE AHESte] EREIRANA 3ccd s ch

3) oloje 2o 200kg®] ERE AT 30m KEAA 150kgE AHEE w7tx] K
ol A Bk % AM3 KSR S (ith MK BE BILE fste ¢
ZAZE A€ Sce ®E —[IAl FAZIE AMEEe] ERgIRANA 3ccd KMt st
=3
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7. MRS T FHik

MEHES oHie BN didol Fred ERRUEY BARARS FHdt

1) Aimsk R Bk

M Fol Qe & Wyel 2718 ol & ER BHMY

Table 6. MAKS 4ol ERASS K

el 2dg A 2HA}
NIHON

celltac auto MEK.8118 KOHDON
JAPAN

2) Hemoglobin

At olE Hemoglobin®¥ (Cyanmethemoglobin), Hi#E A2y H¥o| Lyse
solutiono] #FHMHH b3 2L JxHEo] Uojdr}

Hemoglobin( Fe? ) —(Ferricyannide) — Methemoglobin( Fe® )

—(k cyanide)—Cyanmethemoglobin

Hemoglobindl] # 2} At ZHE, AdZEF T At UEFS 718W AQuE
Hemoglobin®] ®rth. AltWlE Hemoglobing <R3 {LAEEZ M yellow-green
filter& AHEE 540nme] HFAMH FEAZ colorE ZAHICE o] ®KE}
Hemoglobin®] & Zojt}.

3) Hematocrit
Microhematocrit methodZ HUEMEIHIZF 4478 tubed] MES %712 AL %

- 22 -



§Z 2& HAUL & FHOHEE tubeE WIS T 12000mpmo 2 5B E.O A
& ¥ reading®ol ¥ MKEL %= YEFAT

8. B B

1) SPSS pakage program< f{FHislo] #EEES A$hiE® #izt 2 9m, 30m X
ol Mol 58 HH&S MBS GrmiK, AmE, Hemoglobin @ Hematocrit)2) B
WH ER, BINE, FHM) L EERASD)E Bt

2) 9ms} 30m KA AKhiEBy g EHS ERA dstd Bolry] 98 p
0.05%FNAM paired t-testES A A&tH}.

3) 2 AR 9m 9} 30mAAM ] mMEHS e RS Lolrny] A E@wE
< HhstA



V. BFERIR

1. #FimEke] By

Table 7. The changing in the red blood cell between before and
right after of the 9m and 30m depth underwater activities.

9m 30m

Hil itk LAXG%)  #i H&® ERR%)

CSP 4850 5020 351 4930 5370 892
KDY 491.0 5060 3.05 5140 5340 3.89

R LCY 4930 5070 283 5220 5470 4.78

4
WA\ 15y 4540 4780 528 5140 5460 622

4807 4982 366 5107 5410 595
*181  +136 111 *012  *064 +219

Table 8. The t-test on the changing in the red blood cell between before and
right after on the 9m and 30m depth underwater activities.

N M SD df t P

9mT 4 4807 +181 3
7762 004
MR onwie 4 4982 +136 3

(10* /mm)
30mAij 4 510.7 *0.12 3
5.815 010
30mIfi #% 4 541.0 *+0.64 3

Values are Mean and Standard Deviation. p <0.05

._24_



HBES O Kb FB AT Gekel FRimike) #L: Table 7-83 Fig 2-3014 & uls}
2o 9m KReIM 9] 58 i 85 2Fo) Wslkde ¥ AWBY L]Y.7} 58%2
A 7P w2 BmEE BYon LCY.E 28%E 71 @2 Mm%k Bk 9m KBl 9
T Aol F¥fEE (480.7+1.81)x10* /mm7lol i ArhiEE) HE (42+1.36)X10* /mml 2
T EARE 366%3Ach. 9m KA KehiGB) ol vls) KkehiEE) Fo FKimike]
b= 4TE KEEM HESHA EmEATH P 0.06). 30m AFANMY &8 fizt 8% 59
MRS NE2 AW CSPIF 8R2%2A 714 £& ®Bike 2gon KDY.:
38062 7Hg W& MmRE HAT KRR 0m AEMe AdiEE) Fiel FifEe
(G10.7%0.12) x10* /mi7hel  KehiES) F= (ALOT064H)X10 /m7hE ¥ LRRS
53967+ Bmatct. 30m ARl M} KrhiES) Aol vls) AhiEH) B AKimike] Bt
dME Hathes HER Bme AAH p 05). F K& MM FKimige wmRe
SmIAME 4 366%7t e AL 0m AFANNE F4 55%7F ERSF= xjo)jg B
Ak 30m ARAM HET ERE 2R 2@ R HEBWES POl $ESY Ax
R A okt k#Fe] ANY Aoz WA

51

4300000

48000001

47000004

4600000
Q7 (9mT)

4500000, . ] HY P (omA $)
1 2 3 4

Value

ch 4

Fig2 Variation of RBC on the 9m depth
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Value

5200000/

51000001

50000001

4900000,

m——

1

ot

W (30mT)

9 T(30m=E ¥)

Fig.3 Variation of RBC on the 30m depth

2. HIZke] 84t

Table 9. The changing in the white blood cell between before and

right after of the 9m and 30m depth underwater activities.

9m 30m
i B  EAE%) i B#  LAR%)
CSP 56 7.3 30.35 56 80 42.85
KDY 50 6.5 30.00 6.3 8.1 2857
. .| LCY 55 72 30.90 5.7 77 35.08
F1fiLER
(10° /m) LJY 44 5.8 31.81 51 75 47.05
6.70 30.7 .
M£SD 5.1? 6 567 782 38.38
055 +0.69 +0.78 *+0.49 *0.27 *+821
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Table 10. The t-test on the changing in the white blood cell between before
and right after of the 9m depth underwater activities

N M SD df t p

9m i 4 512 +0.55 3

21.000 .000
B % OmE # 4 6.70 *0.69 3

(10° /mur)

30mHi 4 567 +0.49 3

14.333 .001
30mE #& 4 7.82 +0.27 3

Values are Mean and Standard Deviation. p <0.05

WBWEE S AMmike] BbE Table 9 - 109 Fig. 4- 504 BE upe} 2tk 9m AZelA
o] B Hit 8% AFo dsPe Yz AEd LCY.JL 3181%2A 7H3 & #\im
¥ EJon KDY.€ 3000%2 7P ¢ BmRS Btk 9m AFANA S AhiEs) diel
Pl (512205)¥X10° /m7iol 2 A-hiEB) #E (670+10.60)x10° /N F35 EREK
2 3076%° ¥ BmEFY oM, AHiEH) Aol vl AhiEE) $#o] ke BMEE= A
BatA BmstATHP <0.06). 30m ARANA S &8 fizt &5 2Fo] Mkt fAEz A
HEA LLY.7h 41.6%24 743 ¥ #mRe vgdor KDY.: B51%2 7H3 $& 18
R BAT AmiRe 30m KHiEE) AT FEfEE (5.67+049)X10° /ol AHuEE)
e (181027 x10° /2 383B%2] ¥ #BME Ao 0m AFAMY KhiESh
Aol wlel KehiE®) $o] rumike] #Mbs HESHA EMSIFTHP 006). 5 KB RolA
o FiMmiRe EMMEKLS ImAlME £ 076%7F BME YT 0m KEANNE Fiy
BR%7t LA 2lolg BT BE W)L EB) el Aumik el EmS ®wikst gl
oo, A WHAME KK oMo B8 #e} vla7tAZ BmE R ol rimik
o ®ine AKhe& EREFEFEC7] B, A8 FEHS 51 Qol: Himd= B
RJjol 7taiA ez X HHe B EHS stn e Aoz F@mstd mifRs
ol MmH I Wk FHOZ A BMmE U= M k5 QR7F mMl
o2 Wol BIIHOZM o Fo FE9 WAE AR g0z AAEy ¢
FHozE Khod dFeolBlE Fato] AXY HEE BNZ vAAl HE e K
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B 7RAI17) Hsle Be k5E AR SO 2 sEgol B 799 mik BEHE
7P AMIMATOR YR E% migie o2M mimik e B2 v Roz Azt

gt

Value

700000 .

400004

1

of &

W7 (9mH)

AT (OmE F)

Fig.4  Variation of WBC on the 9m depth



80000 ———="
70000
60000
50000 —_
o o 7 (30mT)
3 -
g . . oW 7 (30m= %)
1 2 3 4
cHat

Fig. 5 Variation of WBC on the 30m depth

3. Hemoglobin®] ##4t

Table 11. The changing in the Hemoglobin between before and right after
on the 9m and 30m depth underwater activities.

9m 30m
Hil itk LAR%) Hil BEE  EAE%)
CSp 154 16.0 3.89 15.8 17.7 12.02
KDY 144 152 5.55 156 16.1 3.20

H, | LCY 158 164 379 165 173 484

(g/m) | LJY 145 15.3 5.51 16.6 17.0 0.58

15.02 15.72 468 16.12 17.02 6.41
*068  +057  +097 049 +0.68 +3.86

M=*SD
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Table 12. The t-test on the changing in the Hemoglobin between before and right
after On the 9m and 30m depth underwater activities.

N M SD df t P

9Imii] 4 15.02 *0.68 3

Hb 12.214 .001
9m A # 4 15.72 +057 3

(g/me) —

30m§ij 4 16.12 +0.49 3

2616 079
30mIAE # 4 17.02 +0.68 3

Values are Mean and Standard Deviation. p <0.05

W% %S Hemoglobin®) #MtE Table 11 - 129 Fig. 6 - 7014 RE we} 2ok
Hemoglobin®] 9m kZolx el {58 #i% 85 %o wstopde slQEz Avnd KDY}
S556%ZAM 7V L BmKS BYon LCY.E 3% 7MY 3 ®|mES Bt 9m K
g He) AR (1502+068g/m)o)l T Akl F= (1572+057g/n)2 T4 LR
R 468%7} BTk Im AR ArhiEE) Aol u)s kchiES) £ Hemoglobin
o) BLE 4 FIBILEKP 0.05). Hemoglobin®] 30m AZolAe} 18 a1 8% 2
Fo) wigt opye Q¥ AWMW CSPIb 1200%2M 714 B¢ kS uqon
KDY.& 320%2 71 W& #imke Byich 30m AEs) Ao} FiEs (16120508
OOl 2 AehiEE) HE (1702+068¢/m02 44 FARE 641%7F Hmstglch 30m Aol
Ae KehiESh fiel wlsh ATiEE) %9 Hemoglobin®] 8MEolA 45&e #ML= AUTKP

0.0). F K& BlolA 9 Hemoglobin #mME L ImolAlE 4y 468%7) H#inS 319
3 30m ARAME F4 641%7F FRSFE AolE BTk AholA EBIS SHAM AR
TR W8 BRAA Ksol EEY g3 o] 31 Balo] M)A Al stAY
2 7120 HFeolE fifge] YojuR] REER k= oY 71A] Rl b5 @ A
& HEE AR B0 oA AP BV OFUNEQ0 ) Ee) F/9ag & o, 1
Foh BEolN FREHHY oF Bonts) AB kmol BEED. WEol AdiEE) fifol
Hemoglobin®] FH-E ¥R ADel kel o8 M =@Toletn dzdch =@
Hemoglobino] M#ngitks Ae & MES 71 o %e A4AE 338 4 e Holv)

ol hog FOlE i #iftel ArhidEiol e BSOS MM oNE ftolgtnxs

rir
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TrES 30m KEAN HES ERE ZA T AL HEE gt HESA

I WRAEZH PFRAENAM 3] kTl AND ReR YZEr

Value

Value

16.0

15.5

15.0

145

14.0

s2g2el(mT)

H2F2Y(omA F)

Fig. 6. Variation of Hemoglobin on the 9m depth

175\

17.0

.

o

#2228 (30mY)

H2 229 (E0mA )

Fig. 7. Variation of Hemoglobin on the 30m depth.
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4. Hematocrite] #4t

Table 13. The changing in the Hematocrit between before and right
after of the 9m depth underwater activity.

9m 30m
il H#  LAE®%) Hil BE& AR
CSP 46.6 479 2.78 45.6 49.50 8.55
KDY 448 45.8 223 450 47.70 6.00
LCY 47.8 488 2.09 482 50.80 5.39

H) | 15y 40 55 341 476 4890 273

4538 470 2.62 46.6 49.2 5.66
172 *+160 +060 *154 *128  +097

Table 14. The t-test on the changing in the Hematocrit between before and
right after of the 9m depth underwater activity.

N M SD df t P
9miy 4 458 £1.72 3
9.798 .002
Ht(%) ImE % 4 47.0 *1.60 3
30maij 4 46.6 154 3
4941 .016
30mifit§ 4 49.2 +1.28 3

Values are Mean and Standard Deviation. p <0.05

#EE X E9 Hematocrit®] 3#{te Table 13-149 Fig. 8 - 994 BE ule} 2t}
Hematocrit®) Om Afolde] 8) #iz 85 %9 wslebye Az Avuw LIy
341%2A 713 w2 HnEKE Byon LCY.< 200%2 7P ¥ mmkE Byt 9m K
pEolAe] KPS i) AIEE (58+1720001 T AhiEE) HEUTE160002 T
HFL 26207} BT ArtiGly Aol Mal ArhiEE) %] Hematocritel b 418
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Fig. 9. Variation of Hematocrit on the 30m depth
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2762 7V} R MRS MY 0m AiED Ao FHES (46615090013 AHiE
B Fo (02412902 4 LRRE 566%7 Emalarh Dm AENAS AehiEs) 2
of Ml3h AhiES) % Hematocrite] Wahe ket BMSATHP 006). 5 A% Al
A19] Hematocrit #mME-LS ImAME F4 262%7F #BME A2 0m AFAME F
1 56697 S Alol8 Rath A& WEOIM Hematocrit 9} LS o] T @
So) WLAINNY B2 7] BASE A Aol BUso] ko] MR HEoletn
Azkgiy

hid ETE spaskel 2 o, kdelde] EHE AR e BH ol fi
WM BLE M o= Aol Mol FEHol KR oY EBIAE B K
Kol =& FIA ool AW Neilsen(1984)0] Ak A7 EHESS) MR
o BN WES ANY AS BA EBE 02U @ kS BAEAAS A9
MEdts 299 2un @ 4 AT 3 AR holAs EBES BFoZ
A3 #A K5 KA AFEEE o]F A4t scuba divingAlols AZH EHE ®
ASEZ o] FEE M2 Soi7h #iEel Slal WAL WA 100%7F Holok Hh
A HES FA Grd, AL ole® AL BASE MEAM BE AHS WA
o] o HHANH MES BEHL MR AT T MEC S oA m
e 48 BMAADEZ KdolAel EE A MEES ) Biol 3 = pm
& nNE RoE AZUT. EE Aok RSl HAL KEAS EHE )
QoL W (1 ho2 BAMOlM Hatehel i el MMET M MEE ERAA M
BRSel WS AALTn AZEY, SFAE EREC) ERa] @B ghel A
of 2olEA Hxm, HolW i HEMOZ W RS 4T 2ol MES e
oF 7] WBol KBS FAM HISE AW ML Mo ML HEST M
BEt 2% Om ARAIA Rt 0m AZAMe FNA WA BmKe EA
UE RE Al Wolhel wel FEs BEHR 2 BEA EolADT Ry
dobth o BE FH HTE MEAL R UE MIES BMAAMN e R
o i e Mk BB /M KMITOZ LSS Mdl $OIA ik Bmel
BmS nAE 2o AZEY Adold [FREES A MES s
Hike s Ao AdifBiscuba diving)®l EBO LA EHE HBY 471
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ARE7H ddfME 98 A fEANN 9 EMES Mol ook AT
A BB ERA A3t Kbl X HEE ste AL BEEACZAM B oy}
OIS [ EAZI mEm s £RE BiEAA S-S G Ne EFHe
EME O E%E FE 4 At € 5 A Y 5T ARAAY #Le K
f BEE T R AnIAL KT RO HHE FiffsA] ERSLE o} e A
o=z ded.



V. & @™

A R KhiG8) a3 mE&d A mEK S BLE MuIst R BEEK
49& HEROE 7} 9ms} 30m AN RET KR O34 2 RS AA

L. FiMERE 9m KEANAE EHF dicl vl &8 Hikodl FES BmE FU2
B (p €0.05) 30m KM= &8 fiol vls) EH EHKkl HMatevoz HES Bin
T UAR2U(p €0.05), 9m KFAA ] EHHAIA B} 30m KEANA Q] EBholA kK
mike F¥ EARE 229% A4 Jebwch

2. AMIRE 9m KM {EH Fiol vl E® Hkd) AmReE FES B
€ 25 (p <0.05), 30m KEAA S FEFANM T T8 miol vl F Hk &
B3t BmaA(p <005, 9m ARAM e FHEHAARD 0m KBEAMY FHolA
FmiKe] F£4 EHRL 076% x4 YeEbgo

3. Hemoglobin® 9m K#EA Aol &) gijol vl&l %8 EHikd 8T Eme 3
Aevi(p <0.05), 30m AKREAM= 158 Fio) vs) EF Hikls HAMWLZ HE
g e AU2YU(p <0.05), 9m KBNS EE MR 30m KZEANA 2
Hemoglobin®} 4¥ EHEL 1.73% A et

4. Hematocrit= 9m KM 9 {HH) il v KigEg E#ko HES HME
&Aoo (p <0.05), 30m KZRAMZ iEE fiol vl KhiE#) @kl Hematocrits
{iEd BmE AcHp P.05). Om KFNMQ FEHAN R 30m KEANA ] 1F
Fholl A Hematocrit®] F# EHRE 3.04% =4 ey



VI. $#&#

]

A HRE T3H FolW L£RE 1EZ ko SHT BRY AEAMY X
thiG@hol e HR7E Bl MEHVE WESEA g HRE dstd B 7R
=R id=3

1 SRR KholA RS ste ¢ Kol BAHDT m¥kol #iEol AU
o, NMEZ 7E U E MERS Y TEZAME BELE BY Aoz 44y o
ol 2o g st UdRed ok

2. & EHAME KRS EHE BF KEA Ime} dA2dold diving A
KRS 30m F 7HAZ RES st Fo Mo FRst rEEded Foh

3. scuba diving Alol A2 FT7NE RASES Ro2 Al KAYE Hol mE
o] MM 58S Kfol RFHHUE Z 9ol scuba diving Al HiaHE B
A A &, a9 BEZ BRSHA 2ol MERY @R THEMS 29 £E 4
O3 #EE7 dEd FAY divingg HA8td diving @i Bgds 2ES xS
S B & Aoz REI
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{ABSTRACT,

The change of blood cell components before and right after
underwater activities

Kim, Eun-Young

Physical Education Major
Graduate School of Education, Cheju National University
Cheju, Korea
Supervised by Professor Ryew, Jae-Cheong

The purpose of this study is to furnish some basic materials for researches in scuba diving
and underwater physiology. For the purpose, on the basis of understanding the important functions
and nature of blood, I ascertained if underwater activities have a functions as physical exercise
and examined the propriety of them as physical exercise by comparing and analyzing the change
of components of blood component before and right after underwater activities like scuba diving.
The subjects of this study are four healthy scuba members aged from 20 to 24. The diving depths
are 9meter(no decompression limit depth) and 30meters(recreational diving maximum depth). First,
each of them was blood-collected before diving after 2 hours rest. And then they did underwater
activities until the air weighed 200kg in their air-tank was reduced to 150kg. Right after diving
activities, each of them was blood-collected again. Later the collected bloods were analyzed in the
laboratory, classified by white cells, red cells, hemoglobins and hematocrits.

The results are as following:

1. The number of Red Blood cells significantly increased right after 9-meter-depth diving
compared to the number of them before diving( p <0.05 ), but it didn't significantly increased
after 30-meter-depth diving compared to the number of them before diving( p <0.05 ). It increased
after 30-meter-depth diving more than after 9-meter-depth diving by 2.29%.

2. The number of White Blood cells significantly increased right after 9-meter-depth diving and
30-meter-depth diving as well, compared to the number of them before diving( p <005 ). It
increased after 30-meter-depth diving more than after 9-meter-depth diving by 0.76%.

% A thesis submitted to the Committee of the Graduate School of Education, Cheju Natoinal University
m partial fulfillment of the requirements for the degree of Master of Education in Aug., 1998.
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3. The number of Hemoglobins significantly increased right after 3-meter-depth diving compared
to the number of them before diving( p <005 ), but it didn't significantly increased after
30-meter-depth diving compared to the number of them before diving( p <0.05 ). It increased after
30-meter-depth diving more than after 9-meter-depth diving by 1.73%.

4. The number of Hematocrits significantly increased right after 9-meter-depth diving and
30-meter-depth diving as well, compared to the number of them before diving( p <005 ). It
increased after 30-meter-depth diving more than after 9-meter-depth diving by 3.04%.

5. 1 think one of the most important effects on the change of the elements of blood
right after the underwater activity is the increase of the number of blood cells through
the spleen contracting. The spleen contracting is caused by the stimulus of blood
condensing in the process of dehydration of blood resulted from inhaling the dry air in
the tank. And another effect can be thought to be the hightened concentration of blood
plasma and increased protein in blood plasma. Even without activities, the body takes
being in underwater for mustle-working. It’s caused by the pressure to the mustles in
the high pressured underwater condition.

6. From the result that the increase of blood cells in 30-meter depth diving was much
larger than that in 9-meter depth diving, I should conclude that as water deepens, the
air in the tank gets pressed and the density of the air heightens and then the high
density causes breathing resistance and strong breaths, which bring out the move of
blood cells around the lung and force the blood cells out into peripheral blood vessels
and then has some effect on the increase the number of white blood cells.

7. Underwater activity is thought to be one of useful recreational activities. As well, I
think it is useful as physical exercise to activate the body through improving functions
of the heart and the lung and accelerating the formation of elements of blood.
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